Objective: To examine the relationship between the neighbourhood food environment and dietary intake among adolescents. Design: Cross-sectional design using: (i) a geographic information system to assess characteristics of the neighbourhood food environment and neighbourhood socioeconomic status; (ii) the modified Healthy Eating Index (HEI) to assess participants' overall diet quality; and (iii) generalized linear models to examine associations between HEI and home and school food environmental correlates. Setting: Mid-sized Canadian city in Ontario, Canada. Participants: Grade 7 and 8 students (n 810) at twenty-one elementary schools. Results: Students living in neighbourhoods with a lower diversity of land-use types, compared with their higher diversity counterparts, had higher HEI scores (P , 0?05). Students with more than 1 km between their home and the nearest convenience store had higher HEI scores than those living within 1 km (P , 0?01). Students attending schools with a distance further than 1 km from the nearest convenience store (P , 0?01) and fast-food outlet (P , 0?05) had higher HEI scores than those within 1 km. Those attending schools with three or more fast-food outlets within 1 km had lower HEI scores than those attending schools with no fast-food outlet in the school surroundings (P , 0?05). Conclusions: Close proximity to convenience stores in adolescents' home environments is associated with low HEI scores. Within adolescents' school environments, close proximity to convenience and fast-food outlets and a high density of fast-food outlets are associated with low HEI scores.
Obesity among all age groups has become a national and international public health concern (1) associated with numerous and well-established negative health consequences (2) . Given the propensity for obesity throughout youth to extend into adulthood, focusing on the younger years is particularly important (3) . Similar to what is happening in many other places in the world, in Canada more than a quarter of children and adolescents are overweight or obese (4, 5) , and therefore successful prevention efforts are warranted. A number of interventions targeting obesity-related behaviours (i.e. physical activity and diet) have been undertaken, but most have targeted individual behaviours only, in a single setting and addressing only an individual risk factor for chronic disease (6) . Because physical activity and diet, the two modifiable behavioural risk factors for obesity, are influenced by a number of factors, interventions that address environmental influences may be an ideal way to target a large segment of the population and serve as an appropriate public health initiative (6) .
The built environment's role in fostering increased energy consumption (through its influence on food availability) and decreased energy expenditure (by facilitating or impeding physical activity) has received increasing attention (7) (8) (9) (10) (11) ; however, this line of research is still in its early stages (12) . The built environment has been identified as obesogenic (i.e. encourages obesity) by creating opportunities that support inactivity and foster poor dietary habits (13) (14) (15) . With regard to dietary behaviours, the availability of fast-food and slow-food restaurants, convenience stores and supermarkets has been noted as influential neighbourhood-level characteristics (7, 16) .
Researchers have identified a disproportionate number of fast-food establishments clustered in low-income, high ethnic minority and more socially deprived neighbourhoods (17, 18) . Given that adolescents are unable to drive independently, they may be restricted to areas in their home and school neighbourhood(s) to which they can walk or bike. Therefore, youths may be particularly captive to environmental opportunities around their home and school. For instance, in Austin et al.'s recent study in Chicago (19) , the authors found a statistically significant clustering of fast-food restaurants within walking distance of schools. Similarly Simon et al. found that a large percentage (65 %) of public schools in Los Angeles have food establishments within walking distance (20) . Although the physical presence of these obesogenic opportunities in youths' environments has been fairly well established, one area of research lacking is an assessment of the degree to which fast-food proximity to homes and/or schools influences actual dietary patterns among adolescents (20) .
The accusation that the environment has been fostering obesogenic behaviours seems logical given the dramatic increase in food consumption from restaurants and fastfood establishments over the last two decades (21) (22) (23) . For instance, among American adolescents, the percentage of total energy intake from fast-food and restaurant consumption increased approximately 300 % between 1977 and 1996 (21, 22) . Not surprisingly, researchers have found that children who consume fast food have higher intakes of total energy, fat, sugar, carbohydrates and carbonated soft drinks (24) . The limited research documenting the impact of convenience stores and fast-food outlets on dietary behaviours of adolescents has revealed a negative association between availability of fast-food and convenience stores and fruit consumption. Specifically, those children with at least one fast-food outlet within 800 m of their home were 36 % less likely to consume two or more pieces of fruit daily, while those with at least one convenience store in the same buffer around their home were 25 % less likely to eat vegetables three or more times daily than children who did not have these types of stores in their neighbourhood (25) .
When considering the potential implications of this location-dietary intake link, researchers have identified a relationship between convenience store density and childhood overweight (26) . Powell et al. found that greater availability of chain supermarkets was associated with lower adolescent BMI and overweight, while greater availability of convenience stores was associated with higher BMI and overweight (27) . Oreskovic et al. showed that distance to the nearest fast-food restaurant was inversely associated with BMI, whereas density of fast-food restaurants was positively associated with BMI among children aged 2 to 18 years (28) . In a recent Canadian study, Spence et al.
found lower risks of obesity among individuals who lived in neighbourhoods with fewer fast-food restaurants and convenience stores and higher numbers of grocery stores and produce vendors (29) . By contrast, Pearce et al. revealed little evidence to suggest that neighbourhood access to fast-food retailing was associated with poorer diet or overweight (30) .
Considering the obesity-related modifiable behaviours (i.e. physical activity and dietary intake), the body of research on nutrition has progressed at a much slower pace than that of physical activity (13) . It is essential that we gain a better understanding of the effect of the obesogenic food environment on children's dietary behaviours (12) . Neighbourhood-level variables (e.g. accessibility and availability of fast-food restaurants) have the potential to impact a large portion of the population, and community-level policies that affect local food environments have promise to influence dietary behaviours (12) .
Although gains have been made in understanding some of the components of the food environment that influence dietary intake and obesity among youth, additional research is warranted to examine the influence of the food environment on Canadian youths' nutrition behaviours. As such, the current study makes an important and unique contribution to the growing body of research by providing the first Canadian data to comprehensively assess the relationship between actual dietary intake and the local foodrelated built environment among youths. The current work was part of a larger study which included documenting environmental influences on food purchasing behaviours and physical activity and walking patterns of grade 7 and 8 students aged 11 to 14 years in London, Ontario, Canada (31) (32) (33) (34) .
Experimental methods
The present cross-sectional study was conducted between 2006 and 2007 in London, Ontario, a mid-sized Canadian city of approximately 410 000 people (35) . The study was approved by the Office of Research Ethics at the University of Western Ontario and the research officers at the two participating school boards. Informed written consent was obtained from both parents and adolescents prior to data collection.
Participants
Study participants were students in grades 7 and 8 (aged 11-14 years) from a heterogeneous sample of elementary schools varying by income and neighbourhood environment. Of the fifty-one schools invited, twenty-one (41 %) agreed to participate; eleven from the Catholic school system and the remaining ten from the public school board. A total of 1666 students were invited to participate; 810 students received parental consent and were present on the day of data collection representing a response rate of 49 %. The complete details of the participants and methodology have been published elsewhere (33) .
Survey instruments and administration
Children's eating behaviours were measured via an FFQ, the 'Block Kids 2004 FFQ', previously validated for use among youths aged 10 to 17 years (36) . This questionnaire comprehensively semi-quantitatively assesses children's diets over the past 12 months. The tool was self-administered in paper format in classrooms with assistance from trained research staff. A short parental questionnaire was sent home to obtain the demographic characteristics of individual households (i.e. household postal code, family income, father's and mother's education and employment). Unique identification numbers were assigned to child-parent pairs prior to the data collection, which allowed for the linkage of data gathered for each child to additional household data gathered through their parent's survey.
Home and school neighbourhood food environmental measures A geographic information system (GIS) was used to assess the neighbourhood food environment and socio-economic characteristics. Seven hundred and eighty-two out of the 810 (96 %) survey respondents reported a valid home postal code, which was 'geocoded' to the geographic centre of the home postal code using ArcGIS 9?2 (ESRI, Redlands, CA, USA). Postal codes were used instead of exact home addresses to maintain the anonymity of each respondent. On average, there are 10?4 residences per postal code in London. Previous research has suggested that postal codes are a suitable proxy of home neighbourhoods in urban environments (37) . Individual home neighbourhoods were defined using a 1 km 'straight line buffer' (rings of selected radius outlining the home neighbourhood) around the centre point of the postal code of each respondent's home; school neighbourhoods were delineated by creating a 1 km straight line buffer centred on the main entrance of the school. A 1 km distance was chosen for the buffer radius as it is commonly used in accessibility studies to represent a 10-15 min walk (38) . Data on fast-food outlets, convenience stores and supermarkets were compiled for 2006 using local business directories (38) , validated by researchers through telephone calls, field surveys and inspection of aerial photographs, and geocoded to the building's address. Fast-food outlets were defined as restaurants where one orders at a counter and pays in advance for one's food. Convenience stores were classified as small food retailers with a floor area of less than 1000 m 2 (e.g. 24-hour variety stores, gas stations selling junk foods), whereas supermarkets were larger food retailers with floor areas greater than 1000 m 2 . Data on school locations and parcel-level land use were obtained from the City of London Planning Department. These data were used to calculate two types of 'junk food' accessibility measures for each respondent using the Network Analysis functions in GIS: (i) 'junk food density', or the number of fast-food outlets and convenience stores within a 1 km buffer of the participant's home and school; and (ii) 'junk food proximity', or the shortest distance from the participant's home and school to the nearest fast-food restaurant and convenience store. The shortest distance between the two locations in question was calculated via the shortest possible path along the City of London's circulation network, which included roads, trails and pathways.
Home neighbourhood distress scores
As neighbourhood disadvantage or 'deprivation' is a multifaceted situation involving additional factors than just low income, we characterized census tracts by a composite index of socio-economic distress comprised of four variables drawn from the 2006 Canadian census: (i) low educational attainment (proportion of adults who have not graduated from high school); (ii) lone parenthood (proportion of families headed by a lone parent v. the total number of families); (iii) unemployment (proportion of unemployed adults who are currently available for work); and (iv) incidence of low income (proportion of households that fall below the low income cut-off derived by Statistics Canada). The Z-scores (based on unweighted (by census tract population) mean and standard deviation of the indicators) of each neighbourhood were calculated and assigned a value of 21 if the Z-score was 21 or less, 1 if the Z-score was 1 or more, or 0 otherwise. The assigned value of the four indicators was summed for each neighbourhood to obtain its socio-economic distress index score, which ranged from 24 to 14. The use of a composite index for statistical modelling, rather than each variable separately, avoids problems of multicollinearity among the variables.
Dietary intake
All completed Block Kids 2004 FFQ forms were returned to NutritionQuest (Berkeley, CA, USA) for processing. The Block nutrient database was used for nutrient analysis of common food items, with Canadian-specific food items being recalculated based on the updated Csizmadi Canadian DHQ (FFQ) nutrient database in 2007. Data outputs included both nutrient profiles and food group servings based on the MyPyramid food guide (39) . A comprehensive index, the modified Healthy Eating Index-2005 (HEI-2005), was calculated to reflect participants' overall diet quality. HEI-2005 is a tool designed to measure diet quality when monitoring population eating behaviours and for determining associations pertaining to diet quality and behavioural, social and environmental correlates in nutrition epidemiology research (40, 41) . The original HEI-2005 includes twelve dietary components with each reflecting a key aspect of diet quality. All of the components are assessed on an energy density basis (i.e. per 4184 kJ/1000 kcal) scored separately and then summed to a total score of 100 (40) . Because the current study's dietary data output file contained dietary information for nine out of the twelve components of the original HEI-2005, a modified HEI was calculated with a maximum score of 80 (Table 1) .
One hundred and ninety outliers were excluded based on two criteria: (i) energy intake ,2092 kJ/d (,500 kcal/d; n 20) or .20 920 kJ/d (.5000 kcal/d; n 20) (42) ; and (ii) dietary data with one or more serious error flagged by the NutritionQuest system (n 130).
Statistical analysis
Data were entered into the SPSS statistical software package version 18?0 (SPSS Inc., Chicago, IL, USA) for statistical analysis. Missing values were excluded listwise. The level of significance for all statistical tests was set at 0?05.
Environmental variables (i.e. fast-food restaurants, conveniences stores, supermarkets) were categorized into distance from home or school to the nearest fast-food outlet or convenience store as '1 km or closer' and 'further than 1 km', as 1 km was considered within walking distance for adolescents (43) . Number of fast-food outlets within a 1 km buffer of a student's home postal code or school location was used as an index of fast-food outlet density in each adolescent's home neighbourhood and school surroundings.
Given the recruitment strategy used (e.g. children recruited in classrooms), it was necessary to analyse the data as a cluster sample. The SPSS Complex Samples Procedure was used for all descriptive and comparative analyses to account for sampling design effect; this option allows selections of a sample according to a complex design and incorporates the design specifications into the data analysis. Generalized linear models were used to examine the associations between HEI and participants' home neighbourhood food environmental correlates controlling for key demographic factors (i.e. children's grade, gender and neighbourhood distress score tertile). Separate generalized linear mixed models were performed to determine the effect of school surroundings food environmental correlates on participants' HEI scores. The models included HEI as the independent variable, school surroundings environmental indicators as random factors and socio-economic status as covariates. Most environmental variables were correlated -for example, the 'distance to the nearest fast-food outlet' was highly correlated to the 'number of fast-food outlets within a 1 km buffer' (r 5 0?88). As such, environmental variables were included in the generalized linear models one at a time.
Results
In total, 810 students took part in the present study. Among these, 190 were excluded due to implausible dietary data and twelve due to missing home neighbourhood environmental data, thus the final sample in the current study was 632. Students' sociodemographic characteristics are presented in Table 2 . The sample consisted of an even gender distribution, but slightly higher portion of 8th compared with 7th graders (Table 2) . Table 3 presents unadjusted results for food group servings, total energy and its sources, major nutrient intakes, as well as participants' average HEI score. Table 4 presents HEI scores by students' home neighbourhood food environmental factors. Students whose homes were further than 1 km from the nearest convenience store had a higher HEI score than those who lived within 1 km (P , 0?05). Table 5 presents HEI scores by food environmental factors within the school surroundings. Students who attended schools that were further than 1 km from the nearest convenience store (P , 0?05) and fast-food outlet (P , 0?01) had higher HEI scores than those whose schools were within 1 km of such establishments. Students attending schools with three or more fast-food outlets within 1 km had lower HEI scores than those with none in the school surroundings (P , 0?05). 
Discussion
The current study highlights the impact of the home and school neighbourhood food environments on adolescents' eating behaviours. A close proximity to convenience stores from an adolescent's home was associated with a low diet quality score. Similarly, a close proximity to convenience stores and fast-food outlets and a high density of fast-food outlets in the neighbourhood surrounding an adolescent's school were also associated with poor nutritional intake. Interestingly, the distance from home to the nearest supermarket was not associated with diet quality scores among the adolescents in our study. Despite the relatively weak dietary measures in the current study, our findings suggest that this is an important area that merits further research employing more rigorous dietary assessment methods. The influence of unhealthy food opportunities surrounding adolescents' homes and schools on their diet quality may be explained by their food purchasing behaviours. Specifically, using data from our research team's larger project, we found that the closer adolescents lived to fast-food outlets and convenience stores, the more likely they were to purchase food from these outlets when a parent or guardian was not around (31) . Not only was distance to the closest food venue important, but the density of these venues was also important; the greater the density of fast-food outlets in the neighbourhood surrounding their home or school, the more likely adolescents were to purchase fast food when a parent or guardian was not around (31) .
Given the negative impact of the close proximity of unhealthy food establishments on adolescents' eating behaviours, environmental strategies are vital to help combat the increasing obesity epidemic. In the current study, approximately 80 % of schools and over 50 % of participants' homes were located within walking distance to fast-food outlets and convenience stores. This is consistent with findings from a recent study in New Zealand where food environments surrounding schools were characterized by a high density of fast-food outlets and convenience stores, particularly in more socially deprived settings (44) . As underscored by Simon et al. (p. 288) (20) :
[w]hile strategies to curb the childhood obesity epidemic must include more effective education of children and their parents on nutrition and portion control, these efforts will likely fall far short without concurrent environmental change efforts that tip the balance in favor of healthier food purchases. Therefore, it follows that possible policy and environmental interventions include regulating the density of fast-food restaurants in certain neighbourhoods, offering economic incentives for establishments that offer affordable fresh produce and for restaurants that offer healthier food options and smaller portions (20) .
Supermarket availability and proximity has been identified as influencing eating behaviours in adult populations. A recent national-level data analysis based on the Behavioral Risk Factor Surveillance System in the USA showed that the odds of consuming fruits and/or vegetables five times or more daily decreased as distance to supermarkets increased in metropolitan areas, but not in non-metropolitan areas (45) . Moore et al. also found that adults with no supermarkets near their homes were less likely to have a healthy diet than those with the most (46) . However, Pearce et al. did not observe any association between access to supermarkets or convenience stores and fruit or vegetable consumption among New Zealand adults (47) . Similarly, we found no association between supermarket proximity and dietary quality in our adolescent participants. The adolescents in the current study may have perceived supermarkets as a place for adults/parents to purchase larger-scale groceries, rather than a place for adolescents to buy a snack.
Limitations
Although the present study highlights important findings about the relationship between adolescents' home and school environments and their dietary intake, the study is not without limitations. First, the study used a cross-sectional design; thus, the association between the neighbourhood food environment and adolescents' eating behaviours cannot be considered a causal relationship. Second, our sample included a purposeful selection of schools from varying and diverse geographical areas within the city with respect to socio-economic status, neighbourhood land use and built form. The sample did not comprise a random sample of grade 7 and 8 students from the host city. Nevertheless, the socio-economic profile of the current sample was consistent with the overall profile of the City of London populations (48) , which may somewhat lessen the limitation of research finding generalizability. Third, although the Block Kids 2004 FFQ was a practical tool for use in the current study, a number of weaknesses were associated with this technique. For instance, the tool was found to be less accurate for children below the age of 11 years; although this was not a major concern for our study as 99 % of our participants were 12 years and older (49) . The relatively low usable rate (77 %) of dietary data was another limitation. The NutritionQuest system flags implausible dietary data when a questionnaire exhibits signs of playfulness or partial completion. The study by Hovland et al. using the same instrument among 3rd graders also reported a usable rate of 74 % (50) .
It was suggested that one-on-one administration of the Block Kids 2004 FFQ may increase usable dietary data rate. Furthermore, the Block Kids 2004 FFQ was found to be less accurate in assessing food groups (49) , which may somewhat compromise the validity of the HEI. In addition, the dietary data outputs by the NutritionQuest system were based on the American MyFood Pyramid food group servings, which make it difficult to calculate the HEIC-2009, a healthy eating index for Canadian children (51) . Because the main purpose of our study was to determine the association of eating behaviours and environmental factors, rather than to describe eating behaviours of Canadian children, the application of this American-based healthy eating index (i.e. HEI-2005) is less likely to compromise the validity of the epidemiological associations. Finally, the current study reported a somewhat lower energy intake than previously reported for Canadian children aged 9-13 years (10 234 kJ/d (2446 kcal/d) for boys and 8514 kJ/d (2035 kcal/d) for girls) based on data from the Canadian Community Health Survey (CCHS) 2?2 (52) . Our results, however, were similar to those for grade 6-8 students in Ontario by Hanning et al., where energy intake was 7690 kJ/d (1838 kcal/d) in boys and 6309 kJ/d (1508 kcal/d) in girls (53) . The differences in energy intake among these studies may be due the application of different dietary assessment methodology. For instance, a 24 h dietary recall was used in CCHS 2?2 (52) , while a 24 h web-based instrument was used in Hanning et al.'s study (53) . Nevertheless, the primary purpose of the present study was to determine the association of food environment and diet quality, not to describe the actual dietary intake.
Conclusions
The present study reveals that close proximity to convenience stores in adolescents' home neighbourhoods is associated with low diet quality scores. Within adolescents' school surroundings, close proximity to convenience stores and fast-food outlets and high density of fast-food outlets are associated with low diet quality scores. The implications of these findings highlight the importance of adolescents' home and school neighbourhoods in providing opportunities for unhealthy food choices.
